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Abstract 
The distributed cure rate, which is assumed to be a stochastic variable with a specific distribution, is introduced into 
the SIS (Susceptible-Infected-Susceptible) to study the spreading behavior  taking place upon complex networks.  
Through large scale numerical simulations, we find that this kind of distributed cure rate can greatly speed up the 
disease spreading behavior and promote the epidemic outbreaks among the population. Current results are very  
important for us to understand the virus spreading behavior on large technological networks. 
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1. Introduction.  
In recent years, complex networks have been used to analyze and  model a wide range of natural, 
social, biological and technological systems, in which nodes represent individuals or organizations and 
links mimic the interactions or connections among them [1] ,The s mall world (SW) [2] effect and scale 
free (SF) [3] property are  two  typical structure characterizat ions which are found in most real complex 
systems. Many realistic applications, which include infectious disease [4], computer virus [5], rumor and 
informat ion propagation [6], are all interrelated with the epidemic dynamics on networks , especially for 
the security of networked systems. Based on the complex networks theory, Pastor-Satorras and 
Vespignini [7] have found that for homogenous  networks (e.g. random and SW networks), there are 
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nonzero critical thresholds below which the infections will die out exponentially;  while for heterogeneous 
networks (e.g. SF network).  
However, recent works almost all believe that the network topological structure dominates the epidemic 
spreading and the cure rate is totally  equal for all individuals [8]. Furthermore, the proficiency of 
computer knowledge can also induce the distinct impact on virus propagation in the Internet. Therefore, 
we here relax the condition that the cure rate has to be constant, and investigate the effect of distributed 
cure rate on the disease spreading. Although Mayers et al [9] provides the analytical solution of 
transmissibility and static prevalence in SIR model, in which the infection rate and contact time are  
independently identically d istributed, they don't consider the distributed cure rate and the dynamical 
evolution of infection density, which is high importance for us to deploy the immunization resources and 
how to protect the whole network. We will try to fill this gap in this paper. 
2. SIS Model with Distributed Cure Rate 
 For the standard SIS model, each individual can only exist in two discrete states, namely susceptible 
(or healthy) and in fected. Init ially, a very few number 0i  of nodes are infected, and every susceptible 
node may be infected with probability E  if it  is connected to one or more infected nodes. After the 
susceptible one is infected, it may  return to the susceptible state with the cure rate J . Denote by ( )s t  and 
( )i t  the density of susceptible and infected nodes, respectively. Then these densities are decided by the 
following coupled differential equation, 
 
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
ds t
s t i t i t
dt
di t
s t i t i t
dt
E J
E J
­   °°®°   °¯
 (1) 
Generally, we can't consider the birth and death of individuals and assumes the total population 
(network size) N  to be constant, then ( )s t  and ( )i t  must fulfill the normalizat ion condition : 
( ) ( ) 1s t i t  . However, the above-mentioned differential equation is based on the homogeneous mixing 
hypothesis and don't consider the complex topology of the underlying networks. From the  viewpoint of 
complex networks, it can be clearly seen that the dynamical p rocess of SIS model is mainly dominated by 
the exponential increase during the early stage: ( ) ~ cti t e , where c is the time scale related with the 
effective spreading rate /O E J  and 2 /k k !  ! . 
Here, a new SIS epidemic model with cure infection rate is  proposed and J  is not a constant rate and 
but takes on a distributed parameter, which is very different from the previous  works. To a great extent, 
this kind of distributional behavior can characterize the discrepancy of immunity or resistibility of 
individuals to the infectious diseases. In this new model, it is  postulated that J  is a random variab le in the 
specific range but the infection rate is still fixed to be constant. Several typical distributions are 
considered: 
2.1. J  obeys the two-point distribution. That is, J  can be set to be 1J  with probability p  and 2J  with 
probability 1- p . Furthermore, 1J  and 2J are positive values less than 1.  
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2
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JJ J
­ ®¯  (2) 
Intuitively, this can correspond to the case, in which the population is divided into two classes: high-risk 
people (with low cure rate or weak resistibility) and low-risk ones (with large cure  rate or strong 
resistibility). J  follows the uniform d istribution. We assume that the infectivity  is uniformly d istributed 
among all individuals in the whole population. Thus, J  will be set any stochastic value between the 
specific zone 1 2[ , ] [0,1]J J   . 
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2.2. J  takes on the exponential d istribution. The exponentially  distributed rate can usually indicate that 
the individual's immunity or resistibility exhib its the heterogeneity to some extent. That is, most 
individuals have a weaker immunity and can be infected with a  high probability, but fewer ones indeed 
have very strong resistance and can be contracted with a low probability. 
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where J  stands for the average value of exponential distribution. 
3. Numerical Simulation 
Based on above-mentioned new SIS ep idemic model, we will perform large-scale simulations to verify  
the impact of the distributed cure or immunization rate on the epidemic spreading on two prototypical 
models of complex networks: Watts -Strogtaz (WS) SW [3] and Barabási and Albert(BA) [4] SF models. 
Throughout this paper, all numerical results are carried out on 20 different network realizations and at 
least 50 SIS epidemic dynamics. Generally, we try to keep WS and BA networks connected for each 
every network implementation. In part icular, WS algorithm-generated networks may be divided into 
several independent clusters, and thus we will discard and don't apply the SIS dynamics  on those network 
implementations. The network parameters are set to  be 10000N  , 6k !  (i.e . 3K  for WS model 
and 3m   for BA model). Furthermore, we always fix the rewiring probability to be 0.1w  in the WS 
small world model. Initially, only a node is  infected and others are susceptible. In addit ion, simulat ions 
use an agent-based modeling strategy in which the SIS dynamics is applied  to each vertex by considering 
the actual state of the vertex and its  neighbors at each time step. 
We report the dynamical evolution behavior of the infection proportion within the whole network when 
the cure rate is a two-point d istribution in Fig.1. In the simulat ion, the infection rate is fixed to be 0.1E  , 
and the cure rate is set to be 0.05, 0.1 and 0.2 respectively, which are shown as the colored s olid line for 
the standard SIS model from top to bottom. At the same time, the corresponding color-dotted lines from 
top to bottom indicate that 50 percent individuals take the cure rate ( 1J ) as 0.01, 0.02 and 0.04 , and the 
other half has the cure rate ( 2J ) as 0.09, 0.18 and 0.36 respectively. Even if the average recovery rate is 
equal under the above-mentioned three conditions, it can also be clearly seen that the two-point 
distribution of cure rate can largely  speed up the dynamical processes of infection propagation when 
compared with the standard SIS model. 
 
Fig.1 Effect of two-point distribution of cure rate on the spreading behavior. (a) BA model (b)WS model . 
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The temporal behaviors of the epidemic outbreaks are illustrated in Fig.2 when the cure rate is 
uniformly distributed among the populations. Herein, we propose that the cure rate exists  uniformly 
between the particular interval, but the average cure rate J  is fixed as 0.05, 0.1 and 0.2 respectively, 
while the infection rate is still assumed to be fixed  at 0.1E  . The simulat ion result implies again that 
uniformly distributed cure rate leads to the quicker dynamical propagation process in complex networks, 
and this means that it will allow us to have a shorter time to combat the real epidemics. In addition, the 
steady state prevalence is also augmented appreciably. Intuitively, current  results agree to some extent 
with the general fact since the physiological difference always exists among the population, and we are 
always faced with the epidemic outbreaks with a high possibility. To avoid the pandemic outbreaks, we 
should strengthen the exercises and try to improve our immunit ies to reduce the infected possibility in the 
long term. It can also be predicted at the same time that present results are of high importance for the 
control of epidemics, that is, we should take some measures to  reduce the fraction of h igh-risk population 
with lower cure rate to avoid the pandemic outbreaks in the short term. Thus, it is helpfu l for us to 
understand deeply the diffusion law of real epidemics and  devise the corresponding containment 
strategies. 
 
Fig.2 Effect of uniform distribution of cure rate on the spreading behavior. (a) BA model (b)WS model . 
In Figure 3, we consider the effect of the exponential distribution of cure rate among the whole 
population on the infected fraction ( )i t  at each time step, and the average cure rate is  still 0.05, 0.1 and 
0.2 respectively. Likely, three colored solid lines stand for the dynamical evolution of the standard SIS 
model, whereas the corresponding color-dotted lines represent the exponentially distributed case with the 
same average spreading rate. It is clearly seen that the distributed infection rate can  significantly 
accelerate the dynamical processes of infection proliferation, especially for the WS s mall world networks. 
Same as the other two cases, the heterogeneity of cure rate or immunity can  also largely enhance the static 
infection prevalence, which is  underestimated in  the tradit ional ep idemic models. Since the indiv idual's 
immunity heterogeneity always exists among the population, the numerical results indicate that much less 
time can be allowed to prevent the epidemic outbreaks, that is, the current results present us a new insight 
of epidemic prevention and prompt us to take the instant containment strategies to prevent the outbreaks 
of real epidemics. Simultaneously, the results also remind  us that the identification of high-risk 
population is the first step to effectively control the epidemic spreading on networks, then try  to isolate or 
cure them to contain the outbreaks of epidemics. 
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Fig.3 Effect of exponential distribution of cure rate on the spreading behavior. (a) BA model (b)WS model . 
Furthermore, it can be clearly seen that the heterogeneous  topological structure of networks may also 
remarkably influence the spreading behavior on complex networks, which is obvious for the first 50 time 
steps from Fig.1 to Fig.3. During the first 50 steps, epidemic spreading in BA scale free model is always 
quicker than that of WS small world model. 
4. Conclusions 
 Through large scale numerical simulations, we analyze the impact of several typical distributed 
parameters on the transmission behavior on two typical models complex networks, which  include two 
point, uniform and exponential distributions, respectively. The results indicate that the distributed cure 
rate can largely speed up the dynamical processes taking place on complex networks. Intuitively, the 
distributed immunity makes the cure rate inhomogeneous among the individuals, and there may exist 
some very low cure rate for hub nodes, in particu lar within BA model, and  promote the epidemic 
outbreaks. At the same time, the current results require that we combine the macro-structure and micro-
mechanis m to combat with the epidemics, which is very  important for us to develop the corresponding 
containment measures  of epidemic outbreaks and deploy the immunizat ion resource effectively. 
Furthermore, current methods can also be extended to  other epidemic models (e.g. Susceptible-Infected-
Refractory model) and other types of probabilistic d istributions based on the spreading behavior of real 
epidemics. 
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